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ENDURANCE TESTING OP FIRST GENERATION (BLOCK » 
COMMERCIAL SOLAR CELL MODULES 


E. Anagnostau and A, F. Forosliori 


National Aeronautics unci Spuco Administration 
Low! a Research Cent or 
Clovolmul, Ohio •Ml.’iG 


ABSTRACT 

Ono plume oC tho Department of Energy (DOE) Solar 
Coll PhoiovoUnia Program Is to tloyolop Jew-cost solnr 
coll arrays w‘Ui n 20-yonr lifetime. In order lo help do- 
lormlno Ufotlmoa of the first generation (Diode I) coni- 
inorolnl solar coll modules used In those arrays, a pro- 
gram was Initiated by DOE/NASA- Lewi a Research Cen- 
tor to oxixjse Uioao modules to a range of environments, 
Accordingly, Block I modules from four manufacturers 
wore installed at commorolnl testing sites in Florida, 
Puorto Itieo, mid Arizona and at noncommercial sites in 
Clovolmul, Ohio, The condition) endured by these mod- 
ules encompassed hot and dry, hoi and humid, tropical 
rain forest, sea-air, urban industrial mid urban clean. 
Exposures wore for periods up to i year. Tho effect of 
outdoor exposure on ilia pavformuilCO of the modules was 
determined using current- voltngo curves. Short- circuit 
current (I fic ) and maximum powor (P mnx ) woro tho 
paramelors monitored. In ordov to determine tiio offoot 
of dirt on performance, somo modulus woro washed 
periodically and tlioir parameters woro recorded both 
boforo mid after washing. In nil casos, there was a Iobs 
of porformonco of Uio modules with outdoor exposure. 
Tho Iobs was dependent not only on tho exposure site but 
also on tlio module construction. Three typos of mod- 
ules nro covered with silicono pottiuitB mid ono typo has, 
in addition, a glnss cover. This latter typo of modulo 
had a loss In P, only ono-qunrlor to otio-sixtJi tlmt 
of tlio other modulos In a comparablo period of timo, 

For alt modules, somo of tlio porformnneo loss oould bo 
recovered by washing. Except for glnss- covorod mod- 
nlos, whore tlio loss in P could bo complotoly ro- 
covored each timo, oncli succeeding wnsliing recovered 
loss. Tims, tlio silicon-covorod modulos siiowod n 
pormonont loss in porformnneo. Many modulos showed 
odgo dolnminntlons mid/or dolnmlnntlon under colls mid 
interconnects. Those did not soom to seriously affoot 
(jowor output, It is mitioipatod tlmt those physical 
effects will bo worao at longer exposure times. Results 


from those exposure tests Indicate Uml dolamtimtton 
nnd dirt retention nro llkoly troable Bpota in solar coll 
modulos, 

INTRODUCTION 

Tho production or electricity from solar onorgy 
through tho use of solar colls (photovoltnics) hns In- 
creased largely because of tho usefulness of solar coll 
systoms to tlio space program. To (Mormlno whether 
solar colls could bo adapted to terrestrial uso and could 
bo a viable source of onorgy in the future, Uio Depart- 
ment of Enorgy (DOE) required Information on tlio lifo- 
llmo of commercially produced modules, To assist Uio 
Jot Propulsion Laboratory (JPL) in the evaluation of 
Uioso modulos, NASA-Lowm Research Center (LoHC) 
conducted outdoor endurance tests on modules commer- 
cially produced as a part of tlio >10 k\V purclinso of first 
generation modulos by Uio JPL Low Cost Silicon Solar 
Array Projoct, Modules from four manufacturers woro 
used nnd tlioso modulos nro donolod ns Block I modulos. 

Modulos woro exposed at a variety of tost sites wiUi 
different environments for periods up io 1 year, At 
somo sitos, modulos woro removed periodically nnd tho 
effect of tlio environment was determined by Uio mea- 
surement of tlio electrical characteristics. At other 
sites, tlio modulos woro loft undisturbed until the tests 
woro tormlnatod nftor which timo tho electrical charac- 
teristics woro measured. Somo modules from eacli 
site woro washed mid romeasured io determine tiio 
offocts of dirt mid othor environmental fallout on per- 
formance, 

lliis paper presents tho results of Uio tosting des- 
cribed abovo. 

MODULE DESCRIPTION AND TEST SITES 

A description of tlio construction of (he modulos 
from oncli manufacturer is given in Uio following tnblo. 
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Spoctrolnb 

Aluminum backed; 2 in. dinmotar cells 
completely encapsulated In BlliconO; 
covorod with glass Blicot ~l/8 in, thick. 

Sensor tech 

Aluminum bncked; 2 in. dinmotor colls 
completely encapsulated in silicone. 

Solnrox 

FlborglnBS-opoxy composite backed; 
3 In. dinmotor colls completely en- 
capsulated In silicone. 

Solar powor 

Fiberglass- epoxy composite backed; 
3 in. dinmotor colls completely en- 
capsulated in silicono. 


All manufacturers encapsulated tlio cells in silicone; tho 
Spectrolnb modulo Imd, In addition, n glnss cover, 

Tho sites of tho tosts are listed bolow along with a 
general description of tho local exposure conditions: 

1, DoBort Sunshino Exposure Tests, Ino. (DSET), 
Phoonix, Arizona, Hot and Dry, desert conditions, 

2, Caribbean Testing, Inc. , Caguas, Puorto IUco, 
Tropical, rain forest conditions, 

3, Solar Testing Sorvico, Ino. , Pompano Beach, 
Florida, Hot and humid, sub-troptcnl conditions, 

4, Sub-Tropical Testing Sorvico, Miami, Florida, 
Hot olid humid, sub- tropical caondltions, 

5, South Florida Testing Sorvico, Miami. Florida. 
Hot and humid, sub-tropical, sea air atmosphoro. 

C. Cleveland Air Pollution Control Center (CAPCC), 
Cleveland, Ohio, A very heavy Industrial environment. 

7. NASA- Lowis Roscarch Center, Cleveland, Ohio. 
Ordinary clean urban environment (commercial business 
and residential areas in prevailing upwind direction), 

EXPERIMENTAL PROCEDURE 

Tho effects of outd'ior exposure on tho modules was 
determined by tho measurement of maximum power 
p mox' Th* 8 parameter could bo obtained by the record- 
ing of tho current- voltage (I-V) curve of the modulo. 

The short-cirouit current and open-circuit voltage wore 
also recorded. 

Tho I-V curves were recorded at LoRC using a 
xenon flash simulator set for air mass one (AMI) con- 
ditions and 28° C. Tho procedure used was as recom- 
mended in (1). I-V curves were obtained before tho 
modules wore Installed at each site and when they were 
returned to LoRC. For those modules that wore on a 
washing schedule, tho I-V curves were recorded before 
and again after they woro washod and dried. 


Tho washing was done using an Alconox-Tido solu- 
tion and light hand scrubbing until the sorub cloth 
nppanred clean. However, there was no hard rubbing 
of Uio modulo surface, Tho modulos wore woll rinsed 
with tap water and than dried. The return schedule and 
washing schedule for theso modules which did not have 
continuous exposure (Cleveland sites) was determined 
primarily by loonl weather conditions, 

Tho modules on tost in Floridn and Puorto Rico 
wore oxposed continuously for one yonr and then rolum- 
cd to LoRC. I-V traces woro recorded and again somo 
modulos woro washed and P rodetorminod. 

Modulos were oxposed In Arizona for n total of 101 days 
boforo return to LoRC, 

Tho reproducibility of tho measurements of P mnJ . 
dono on fho snmo day is ±2%, For those done on sub- 
sequent days, or by different persons, tho reproduci- 
bility can be oven higher. We have thus assumed tint 
p max dlfforoncas loss than ±2% are not significant, 

RESULTS AND DISCUSSION 

Modules which are oxposed without any Intermediate 
washing woro found to accumulate dirt. 'litis can bo 
modified by (lie offoct of precipitation (snow or rain), 
or condensation and run-off. Figure 1 shows tho effect 
of dirt fallout on tho performance of modules exposed 
at Ilia two Cleveland sites. Several results arc imme- 
diately evident. First, glass-covered modules (Spec- 
trolnb) had tho smallest loss in P and tills loss 
was the same at both sites. Second, for the remaining 
modulos, tho losses woro very much greater at tho 
Cleveland Air Pollution Control Center (CAPCC). The 
industrial pollution at this site brought out differences 
in performance loss among the three silicone-only 
modules but limited data prccludo a ranking. Tho LoRC 
data are averages of measurements on two modulos of 
onch brand and the CAPCC data aro for one module of 
each brand. 

In figure 2, tho data from tho modules exposed In 
Arizona, Puorto Rico, and Florida hnvo been super- 
posed on the linos and ranges which encompassed the 
data from Cleveland, Obviously, the data are moro 
similar to those from tho LoRC than CAPCC and again 
tho results for the glass-covored modules aro Inde- 
pendent of sito. The Florida .data are averages of 
measurements from seven modulos of each typo and 
those from Arizona and Puorto Rico, of two. A com- 
parison of tho Florida and Puorto Rico data shows that 
the latter site causes more loss in the performance of 
modulos. Tiioao modules also showed evidence of 
mossy growth in many cases. 
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In or cl or to determine how much of Uio performance 
loss could bo rocovoi'cd, hoiuo modules wore wnBhod, 
mid In sonio cases reexposod. Losses tlmt remain after 
washing ctm bo etttusv duo to n darkening of tbc pottnnt 
or corrosion of contiicls and Interconnects or Just an 
Inability to remove nil of tho dirt, Figures .1 and -1 show 
tho results of washing on modules oxjxised at Uio Clovo- 
lainl sites. For tho glass-covered modnloB, washing 
rostered thorn completely, within experimental error. 
Tho Blltcone-covored modutcB suffer a jiovnmnent toss 
which tnoroasos and then appears to reach a sloady 
stato, Comparison of Uio two figures Indicates again 
that CAPCC Is n much harsher site because of a much 
heavier awl more chemically roacllvo fallout lending to 
mors pormiuiont damage. 

The resultant change In for tho washed 

modules from Florida, Puerto Rico, mid Arizona are 
compared in figuvo 5 lo tho data from Clovoltuu! sties 
nt the termination of the tests. Tho data nro supotv 
posed on tho curvos from figures 3 mid <1, Tho glass- 
covered modules again show rosults imlopondont of slto. 
The data for all brands of modules oxixiscd In Arizona 
and Florida appear similar to tho did a obtained at LoUC 
wlUiin tiio experimental error. Thin is somewhat sur- 
prising since Uio Insolation nt both of these altos Is 
highor than In Clovehmd, 'lids result would Indicate 
factors besides insolation nro also important in outdoor 
oxposuro testing. Environmental factors such as dirt 
fallout, including oliomicnUy active particulates, can bo 
very damaging, especially In combination with humidity, 

Visual observations on tho modules indicated do- 
laminations on Solar Powor mid Solarox modules. In 
several onsos, tho dolnminntlons wore oxtonsivo. How- 
ever, lids did not scorn to affect the maximum powor of 
Uio modules. Glass-covered modules wore subjoot to 
cover cracking which occurred on sovernl modulos duo 
to handling, Agnin, tills did not seem to affect output. 

It 1 b reasonable to assume, however, Hint continuing 
exposure of tlieso cracked modulos to move humid en- 
vironments would eventually cause deterioration hi per- 
formance, 

SUMMARY OF RESULTS 
Endurance testing of Block r modules at selected 
altos luia Indicated tlmt; 

i. For silicone- covered modules made by Solarcx, 
Solar Power mid Sensor Tech: 

n. Outdoor exposure causes a similar docronso In 
porformnneo for thoso brands. 

b, The degradation is silo dopondont with Uio 


Cleveland Air Pollution Control Center causing tho most 
degradation hoeauso of heavy industrial pollution, 

Puerto Rico was next because of tho tropical ruin-forest 
conditions of its climate, 

o, Tho degradation Is apparently not dependent on 
insolation nlono, 

d, Washing doos not remove nil of iho degradation. 
The permanent loss in maximum power reaches a steady 
value after several hundred days exposure, 

2, For glass- covered, Btlteono potted modules 
made by Spootrolnbi 

u. Outdoor exposure ts much teas damaging than 
Cor Uio other modules tested boonuso of loss dirt attrac- 
tion. and retention, 

b. Washing tho modulos rocovoros Uio porformnneo 
loss completely. 

3. Tho offoot of local conditions Is most damaging 
whore some typo of chomlcnl intornotlon can occur with 
tho module Bin-face ns with chemically netive parti cn- 
hilos mid moist mossy growth compared 'a dry dosogt 
smid mid Hold Boll. 

REFERENCE 

1 . 1 1 Terrestrial Pholovoltalo Measurements Pro- 
cedures," NASA TM-73702, Juno 1077, 

'llils work wns performed for tho U, S. Department 
of Energy under Intorngoncy Agroomont E(19-25)-1022, 
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EXPOSED AT CLEVELAND SITES 

CAPCC LeRC 

• o SOLAREX 


B □ SPECTROLAB 

4 O SENSOR TECH 
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Figure 1, 
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Figure 3. 
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